A new, simple, precise, and rapid high-performance thin-layer chromatography (HPTLC) method was developed for the analysis of commercial emulsifiable concentrate (EC) formulations of cypermethrin, a-cypermethrin, and l-cyhalothrin. A known amount of reference grade synthetic pyrethroid and its EC formulation was subjected to TLC, and the amount of pesticide present in the active ingredient spot was estimated by densitometry in a single beam, single wavelength reflectance mode. Calibration curves of the synthetic pyrethroid was linear in the range of 8-24 mg, and the correlation coefficient for the calibration equation ranged between 0.97 and 0.99. Recoveries from laboratory-prepared test samples of the EC formulation were in the range of 95-99%. Pesticide formulations were further analyzed by gas liquid chromatography using flame ionization detector, and results were comparable. The proposed HPTLC method has application for quality control and determination of the shelf life of EC formulations.
[(RS)-α-cyano-3-phenoxybenzyl (1RS,3RS,1RS,3SR)-3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropanecarboxylate], α-cypermethrin (S)-α-cyano-3-phenoxybenzyl(1R,3R)-3-(2,2-dichlorovinyl)-2,2 -dimethylcyclopropanecarboxylate, and λ-cyhalothrin [(S)-α-cyano-3-phenoxybenzyl (Z)-(1R,3R)-3-(2-chloro-3,3,3-trifluoropropenyl)-2,2-dimethylcyclopropanecarboxylate] are nonsystemic insecticides and acaricides with contact and stomach action. These synthetic pyrethroids are very effective against chewing, sucking, and boring insects that attack vegetables, fruits, cereals, cotton, tobacco, etc. (1) . The active ingredient in technical and commercial formulation is determined by gas liquid chromatography (GLC), liquid chromatography (LC), and/or Fourier transform infrared spectroscopy (FT-IR; [2] [3] [4] [5] [6] .
In the present high-performance thin-layer chromatography (HPTLC) method, known concentrations of standard pyrethroids and their emulsifiable concentrate (EC) formulation solutions were applied on precoated TLC plates, and one-dimensional ascending chromatography was performed in a hexane-toluene (1 + 1, v/v) solvent system. The active ingredient band of synthetic pyrethroid separated from the formulating materials during plate development. Quantitation was performed by densitometry scanning of the active ingredient bands and comparing the integrated peak areas of pesticides in formulation with those of reference grade pyrethroid as internal standard. The method is simple, rapid, and reproducible and has been applied successfully to estimate the active ingredient present in 6 commercial EC formulations, including a mixed formulation of cypermethrin and EC formulations of α-cypermethrin and λ-cyhalothrin.
Experimental
Apparatus (a) TLC equipment.-Linomat IV applicator, CamagHamilton Linomat syringe (100 µL), twin-trough chamber (10 × 10 cm) with stainless steel lid, UV lamp with cabinet; TLC scanner II with CATS 3.17 evaluation software (Camag, Muttenz, Switzerland); precoated silica gel (60 F 254 ) TLC aluminum sheet (Merck, Darmstadt, Germany).
(b) Gas chromatograph.-Nucon (New Delhi, India) 5700 equipped with flame ionization detector, 4 ft glass column, 3 mm id, packed with 1.5% OV 17 + 1.95% OV 202 on chromosorb WHP 80-100 mesh and computing integrator Series 3300. 
Reagents

Preparation of Working Standard and Sample Solutions
Working standard solutions of 4.0 mg/mL cypermethrin, α-cypermethrin, and λ-cyhalothrin were prepared by dissolving known weight in ethyl acetate. A Mettler Toledo (AB 204) single pan balance was used for weighing reference grade pesticides and their EC formulations. The laboratory-prepared test formulation of the same concentration was prepared by dissolving a known weight of reference grade synthetic pyrethroids in cyclohexanone and Tween 80 (9 + 0.1, w/w). Total weight of the solution was recorded and quantitatively diluted with ethyl acetate for the desired concentration. Working solutions of similar concentration of EC formulation were also prepared by dissolving known weight in ethyl acetate.
Application Mode
Bands of 6 mm length and 6 mm apart were applied on each precoated TLC plate (10 × 10 cm). Microprocessor-controlled Linomat IV applicator was programmed so that bands were applied at a distance of 12 mm from the bottom and at least 15 mm from both ends of the plate. Distance between tip of syringe and TLC plate was fixed at 1 mm for sharp application of bands. Pesticide solutions were applied on the TLC plate at delivery rate of 4 s/µL, and nitrogen gas was used for drying the spots. Loaded plate was viewed inside a cabinet under UV light (254 nm) to ensure proper application before development.
Plate Development
Loaded TLC plates were developed up to 8 cm in a paper-lined twin-trough glass chamber (10 × 10 cm) presaturated with 10 mL hexane-toluene (1 + 1, v/v) solvent system, and dried immediately under a stream of hot air.
Densitometry Evaluation
The pyrethroid bands of the developed plate were quantitated by absorbance at one wavelength in the Camag TLC scanner II using CATS 3.17 evaluation software. Scanning parameters were deuterium lamp wavelength 220 nm, slit length 5 mm, slit width 0.3 mm, bandwidth 30 nm, micro mode. Each band was quantitated in a single beam, single wavelength reflectance mode, and peak area was taken into consideration for quantitative estimation.
Calibration Curve
Calibration curves of the synthetic pyrethroids were prepared in the range of 8-24 µg by applying 5 bands consecutively (2-6 µL) of the standard solution.
Recovery Experiments
The percentage recovery of pyrethroid was determined at the 12 µg level. Standard pyrethroid solution and its labo- ratory-prepared test EC formulation were applied in triplicate and, alternately, on a precoated TLC plate. After development and quantitation as described above, the percentage recovery of the active ingredient was calculated from the equation:
where C E is the experimental concentration determined from the calibration curve, C M is the maximum concentration expected, and σ n is the standard deviation (SD).
Quantitation of Active Ingredient in Emulsifiable Concentrate Formulation
For quantitative estimation of the active ingredient present in commercial formulation, 3 bands (3 µL) each of standard pyrethroid solution and one of its EC formulations were applied alternately on a 10 × 10 cm TLC plate. Plates were developed and quantitated by densitometry as described above. The amount of active ingredient present in EC formulations was further quantitated by gas chromatography with flame ionization detection (GC-FID). The synthetic pyrethroid content (%) in EC formulations was calculated with the following formula:
Active ingredient of synthetic pyrethroid (%, w/w) = S s /S r × M r /M s × T where S s = area of the pyrethroid peak in the EC solution, S r = area of the pyrethroid peak in the standard solution, M r = weight (g) of the standard pyrethroid in the standard solution, M s = weight (g) of the EC formulation, and T = % purity of the standard.
Results and Discussion
Choice of Development System
The retention factor (R f value) of the synthetic pyrethroids was recorded in different compositions of hexane, benzene, acetone, toluene, diethyl ether, ethyl acetate, carbon tetrachloride, and chloroform. Silica gel layers of TLC plates were prewashed by developing once with methanol and dried in an oven at 100°C for 20 min. The hexane-toluene (1 + 1, v/v) solvent system was satisfactory because active ingredient bands of synthetic pyrethroid remain compact and sharp peak was observed during scanning. The active ingredient of cypermethrin, α-cypermethrin, and λ-cyhalothrin from laboratory-prepared and other commercial EC formulations was distinctly separated from the surfactant and other formulating materials, which either remained at application position or moved along the solvent front. The present solvent system also separated the chlorpyrifos from cypermethrin during the determination of cypermethrin in a mixed formulation of Nurelle. The R f value of chlorpyrifos was recorded as 0.60. Under these chromatographic conditions, the R f values of cypermethrin, α-cypermethrin, and λ-cyhalothrin were 0.20 and 0.24 (isomers of cypermethrin), 0.21, and 0.26, respectively (Figures 1-3) .
Linearity
Calibration curves of these 3 synthetic pyrethroids were prepared in the range of 8-24 µg by applying 5 bands (2-6 µL) of their standard solutions. After the plate was developed, each band was scanned by densitometry under UV light at 220 nm and deuterium lamp as its source. Scanning wavelength of 220 nm was selected because of maximum absorbance. Integrated peak area of each band was calculated by Camag CATS 3.17 program. Because 2 peaks were observed for the 2 isomers of cypermethrin, the total peak area was taken for its quantitation. The calibration curve of each pyrethroid was prepared separately using Harvard-Graphic software by plotting the amount applied on the abscissa (x-axis) and integrated peak area on the ordinate (y-axis). The calibration curve of these pyrethroids was linear between the above-mentioned concentrations. The equation of calibration lines derived for cypermethrin, α-cypermethrin, and λ-cyhalothrin is given in Table 1 . Caliberation curves of cypermethrin, α-cypermethrin, and λ-cyhalothrin relating peak area and weight spotted between 8 and 24 µg gave satisfactory correlation coefficients of 0.97, 0.99, and 0.96, respectively, which permitted reliable determination of recovery based on area comparison between samples and single standards within this linear range spotted on each plate.
Data Validation
Recoveries of these synthetic pyrethroids from laboratory-prepared formulations were determined by comparing the peak areas of samples with the standards and were in the range of 95-99%, with SDs between 0.13 and 0.22 (Table 2) . Working solutions of standards and the EC formulations were prepared at 4000 ppm and applied automatically with a Linomat IV applicator on the TLC plates, which minimized the dilution error.
Detection Limits
Under the conditions described above, the limit of detection of cypermethrin, α-cypermethrin, and λ-cyhalothrin was 1, 0.6, and 0.5 µg/6 mm band, respectively.
Precision
Commercial formulations of cypermethrin, α-cypermethrin, and λ-cyhalothrin were analyzed in triplicate on a 10 × 10 cm TLC plate. Aliquots of 3 µL standard pyrethroid solution and its EC formulation were applied alternately in triplicate on a 10 × 10 cm TLC plate. Quantitation and plate development were performed as described in the Experimental section. The experiment was repeated once again on a fresh TLC plate. All the pesticide solutions of EC formulations were further analyzed in triplicate on GC-FID. Column, injector, and detector temperatures were maintained at 260, 275, and 300°C, respectively. High-purity nitrogen, hydrogen, and air (IOLAR grade I) gases were used with constant flow rates of 50, 10, and 15 mL/min, respectively. For each analysis, 5 µL pesticide solution was injected in triplicate, and average peak area was taken for calculation. Results of both techniques were comparable and agreed with the label claim (Table 3) . Average SD of HPTLC and GLC experiments performed for formulation analysis ranged from 0.17 to 0.97 and 0.22 to 0.92, respectively. These recovery and precision values are acceptable for formulation analysis at high concentration levels. The described HPTLC method for the quantitative analysis of cypermethrin, α-cypermethrin, and λ-cyhalothrin in EC formulations is a simple, rapid, and economical alternative as compared with those based on GLC or LC, and can be successfully applied for routine analysis (7) .
Conclusions
In the present study, almost similar concentrations of standard synthetic pyrethroid solutions and their EC formulation solutions were applied on a precoated TLC plate, and developed in hexane-toluene (1 + 1, v/v) solvent system. An active ingredient band of EC formulation was quantified by densitometry using cypermethrin, α-cypermethrin, and Analysis of commercial EC formulations of cypermethrin, a-cypermethrin, and l-cyhalothrin by HPTLC λ-cyhalothrin standard as their internal standards. The method was applicable in the range of 8-24 µg/6 mm band.
